Introduction
All forests undergo a cycle of disturbance and regeneration. Canopy openings (gaps) created by the removal of limbs and trunks frees space and creates higher levels of some resources. Most studies of disturbance regimes have examined either fire or windthrow. Studies of fire regimes have often explicitly focused on variation in area, magnitude, and frequency, as well as the relationships between these parameters and topography (Minnich 1989 (Brokaw 1982; Runkle 1985) . This method cannot distinguish sites with little variance in intervals between disturbances from sites with wide variances. It also does not distinguish between spatially homogeneous sites with basically one frequency of disturbance and spatially heterogeneous sites composed of areas with different frequencies of disturbance.
In this study, we sampled canopy gaps from throughout a 230-ha watershed. We describe not only the pattern of canopy gaps, but also the distribution of gaps over the landscape, variance within the cycle of disturbance and regeneration, and the formation of gaps with respect to location of pre-existing gaps. California purchased 1012 ha of unlogged forest to form the park in 1902 (DeVries 1978). Bark strippers had previously removed cords of Lithocarpus bark for sale to tanneries and after the park's formation some Sequoia were illegally logged. We did not sample a small area at the mouth of the Maddock Creek watershed that apparently was impacted by these activities.
Study area

Methods
We used the point-centered quarter method (Cottam & Curtis 1956 ) to obtain a random sample of canopy gaps and a measure of gap density. 20 points were randomly located 0-200 m up or down slope from a 6-km transect circling the watershed at about mid-slope. Thus points were located anywhere from streamside to ridgeline. However, due to the 'U'-shape of the transect, the lower slopes were oversampled relative to the upper slopes. From the points, we located the nearest gap within each compass quadrant (N, E, S, W). We considered a gap to be any break in the canopy > 1 m2 due to tree or limb mortality and below which vegetation was less than 2/3 the height of the adjacent lower canopy tier. For each gap, we recorded distance from the random point to the gap center, area, shape, number of disturbance events, number of trees, the mechanism of gap formation and the species of tree that died and topographic characteristics (aspect, slope angle, slope shape, and position on slope). Within each compass quadrant, an additional point was randomly located. At each of these points, we recorded topographic position (aspect, slope angle, slope shape, and position on slope) and point-centered quarter data for trees.
Openings were measured from the edge of the vegetation canopy as located with a periscope. Gap length and gap width were measured from the gap's center. For irregularly shaped gaps, such as Y-or L-shaped gaps, lengths and widths were measured from several points. Non-irregular gaps were considered circles or ellipses unless they had pronounced corners. Round gaps whose lengths were within 1 m of their widths were considered circles. Age of sprouts, plus position of logs and their state of decay were used to determine the species present in the canopy before the gap was created, the mechanism of formation (slope failure, wind thrown, wind snapped, snag) plus the number of trees involved and the probable minimum number of disturbance events (which are incidents removing one or more trees from the canopy). We measured slope aspect with a compass and slope angle with a clinometer. Slope shapes were characterized as concave, convex, and planar. We measured gap elevation with an altimeter and then relativized elevation as the difference between the gap's elevation and the creek's elevation divided by the difference in elevation between ridgetop and creekside.
Additional data were collected on canopy structure and on large slope failures. To analyze the pattern of gaps, we calculated gap density and tabulated frequency distributions of gap area, number of trees involved, number of events, mechanism and tree species involved. We also examined interrelationships both among these characteristics and between characteristics and topography.
Results
Based on 80 quarter points, tree density was 650.6 stems/ha and basal area was 124.2 m2/ha. Lithocarpus stems made up 54.6 % of the total density, while Sequoia and Pseudotsuga were represented by a smaller number of larger stems (relative densities of 21 % and 14.5 % respectively).
Each species was well represented across a range of diameters (Fig. 1 ). Sequoia in particular had an even distribution of individuals up to 120 cm dbh and a few larger individuals up to 260 cm dbh, although several of the smaller individuals were basal sprouts of previous trunks. Based on the age-diameter relationship for Sequoia determined by Viers (1982) , the larger trees may be about 1200 yr old. In contrast, the maximum potential lifespan of Lithocarpus is only 300 -400 yr (Jepson 1910 ). Therefore, a considerable range exists in the potential canopy residency times of the trees. Based on the point-centered quarter gap data, 16.6 % of the land area sampled was within canopy gaps, with an average gap size of 137 m2. If one exceptionally large slope failure is omitted, these numbers become 11.1 % within canopy gaps with an average size of 91 m2. Gap density was 12.1/ha. The frequency distribution of gap size (Fig. 2) had a modal class size of < 50 m2, but gaps ranged in size from 6 -3437 m2.
Gap size was, to some extent, a product of the mechanism of gap formation (Fig. 3) Canopy gaps were not distributed randomly with respect to slope shape. 36 % of canopy gaps occurred on concave sections of slopes (Fig. 4) , substantially more than expected from a random distribution over the sample area (;2 = 8.75, p < 0.05). Gaps over concave sections of slope represent primarily two distinct categories, small gaps over narrow gullies or ravines and slope failures within broad swales.
Gaps may be more frequent over gullies and ravines because of a slower rate of gap closure or more frequent disturbance. Riparian shrubs occur within these gaps and may interfere with the establishment and growth of tree saplings which would fill the gap (Hunter 1989 events, the initial death and defoliation of the canopy tree, and the eventual toppling of its trunk. Pseudotsuga snags involve a more protracted series of events: sloughing bark, dropping branches, and the trunk snapping one section at a time (Graham 1982) . Some of these events may damage the adjacent canopy.
In this study, multiple disturbances were frequent: half of the sampled gaps resulted from at least two or more recognizable events (Fig. 5) . Most involve repeated windthrows or snaps. Several gaps were formed by a series of at least four events involving wind-thrown and snapped individuals. In one of these gaps, the 1904 fire had charred the wood which was exposed after a tree had snapped during the first event. This dates gap initiation and indicates repeated disturbance during an 85-yr interval. This episodic nature of disturbance by windthrows, snags, fires, and slope failures indicates that disturbances are not randomly distributed with respect to prior disturbances nor are disturbances evenly rotating throughout a forest.
Discussion
Our results illustrate the episodic nature of gap formation, the links between canopy tree biology and gap properties, and the relationship between topography and disturbance regime. The mechanisms of slope failure, fire, windthrow, and death of standing trees by disease or herbivory may all create intervals of repeated disturbance rather than single disturbance events: slope failures destabilize adjacent sections of slopes; fires damage trees mechanically, leaving them at risk to death by disease, herbivory, or windthrow; wind-thrown trees may damage their neighbors while falling and leave them exposed to stronger winds; and snags may break apart gradually and drop debris on adjacent individuals and the understory for a prolonged period of time. In this study, half of the gaps resulted from more than one disturbance event. Studies of other forests have also found a high proportion of gaps formed by repeated events (e.g. Foster (Johnson 1987 ) are exogenous disturbances related to topographic features. Topography also indirectly affects the disturbance regime because resource availability varies with local topography, and hence so does the species composition and structure of the forest canopy. These differences in species composition and canopy structure result in differences in disturbance regime. In this study, the larger canopy species were less abundant on the south-facing slopes and a greater portion of the south-facing slopes' canopy had two canopy layers. As a consequence, gaps were smaller on these slopes.
The direct and indirect relationships of disturbance regime and topography, the influence of canopy species biology on gap properties, and the repeated events involved in gap formation all indicate the need to examine fine scale variation in the pattern of gaps and their characteristics within stands of forest vegetation.
